Is it possible to recognize source types of emissions using isotopic ratios in reactive-nitrogen (Nr)-bearing air species collected several kilometers downwind from their sources? The δ 15 N values present the potential for fingerprinting sources of atmospheric Nr, whereas the δ 18 O and δ 17 O results may bring insights on transformation processes. Here we have sampled NH 4 + , NO x and HNO 3 , NO 3 in areas downwind from six sources in Alberta, Canada: coal-fired power plants, beef/pork feedlots, an oil upgrader/refinery complex, chemical industries, gas compressors and city traffic. The samples were prepared using chemical conversion and thermal protocol to produce N 2 O, later analyzed to simultaneously obtain δ 15 N, δ 18 O and δ 17 O values using a gold-furnace pre-concentrator online with an IRMS. Integrating the data obtained so far will help evaluate the possibility of fingerprinting these Albertan sources and of inferring reactions affecting N-species along their transport trajectories.
Introduction
Characterizing isotopic values of reactive N (Nr) in air is a critical research field with important implications for assessing sources of nitrogen deposition to the surface. The δ 15 N values may help fingerprinting some sources of atmospheric N species, whereas the δ 18 O and δ 17 O ( 17 O) values may reflect transformation pathways after emissions of NOx (nitrogen oxides). Isotopic differences may exist between Nr species from high-temperature stationary sources, and those from low-temperature mobile sources (vehicle traffic) 1 . Therefore isotopic differences are expected for Nr samples collected from Albertan sources with different thermal regimes and fueled with compounds of different δ 15 N values such as gas and oil 2 .
We have sampled NH 3 , NH 4 + , NO x and HNO 3 , NO 3 under the forms of gas, precipitation and aerosols in selected areas downwind from 6 different N-species sources: coal-fired power plants, beef/pork feedlots, oil upgrader/refinery, chemical industries, gas compressors and city traffic. Our goal is to assess whether air Nr emissions can be attributed to some of these sources even if Nr was collected several kilometres downwind from them. This characterization effort may eventually help understand the N-cycle of western Canada forests exposed to anthropogenic Nr emissions. ) in precipitation were collected in Alberta for isotopic characterization. The nitrogen species in air were collected on filters (and, in the case of NO, on coated powder) and the precipitation samples were collected in a wet-only precipitation chemistry collector. Both the air sampling system and the precipitation chemistry collector sampled only when the wind direction was from the targeted source area (i.e., sector-based sampling). The sector-based sampling system was located downwind of the sources, assuming that the mass loadings on the filters, powders and precipitation samples were representative of the targeted emissions with a negligible contribution from background air.
Methodology

Sampling air in six different emission contexts
Four long-term sampling campaigns were undertaken to collect air and precipitation samples that were representative of six different N source types including: i) small natural gas compressor stations (50 NOx emitters) and (ii) cattle intensive feedlots (about 65 beef and pork NH 3 emitters), within 20 km of the sampling system located near Vauxhall, north of Lethbridge; (iii) an oil upgrader/refinery complex (9-15 km) and (iv) chemical plants, other refineries and manufacturers (2-5 km) near Fort Saskatchewan; (v) road traffic/urban emissions (10 m -20 km) in the city of Edmonton (Terrace Heights); and (vi) three coal-fired power plants (CFPP) SW of Edmonton near Genesee (12-35 km). The four sampling campaigns took place between February 9 th , 2010, and January 20 th , 2014. Sequentially in the air sampling system, ambient particulate nitrate and ammonium were collected on Teflon filters, HNO 3 on nylon filters, ammonia gas on citric acid-impregnated cellulose filters, NO 2 on a powder coated with an absorbing solution proprietary to Maxxam Analytics International Corporation (Edmonton), and NO was collected on filters impregnated with a special NOx-absorbing solution also proprietary to Maxxam Analytics International Corporation (it was assumed that only NO was absorbed on these filters as most NO 2 was scrubbed by the upstream NO 2 -absorbing powder). Four replicate air-sampling systems and one precipitation collector were operated during every sampling period and several sampling periods were run at each location. The length of the sector-based sampling periods at each site varied depending on the frequency of winds in the target sector and the estimated number of hours required for collecting sufficient mass for isotopic analyses. After collection, all samples were kept frozen until extraction was carried out using protocols adapted for each filter.
Isotopic analyses
We characterized the six types of N species described in section 2.1 with triple isotopic ratios (δ 17 O, δ 18 O and δ 15 N) and/or nitrogen isotopes (δ 15 N). We treated the samples with the chemical conversion and thermal decomposition of N 2 O protocols, providing the ability to simultaneously analyze low-concentration N-and O-containing species 3 . Although different preparation steps were involved depending on the analyte, they all yielded N 2 O as the final product. All extracted N 2 O was analyzed with the pre-concentration/gold furnace-IRMS system developed at the Geological Survey of Canada 3 . This approach allows δ 15 N values in atmospheric ammonium/ammonia to be analyzed, and the spectrum of δ 15 N, δ 17 O and δ 18 O ratios from nitrate, nitric acid and nitrogen oxides to be determined in samples containing as little as 35 nmol. The analytical precision (average of replicates) was 0.8, 0.7 and 0.6‰ for δ 15 N, δ 17 O and δ 18 O results, respectively.
Results and preliminary interpretation
As a preliminary summary with all sources and sites considered, the average δ 15 N values were -18.3‰ in gas (n=60), -4.4‰ in precipitation (n=10), and +14.61‰ in aerosols (PM; n=31) for NH 3 /NH 4 + , whereas these values were -1.0‰ in gas (n=32), -1.6‰ in precipitation (n=7), and +4.1 ‰ in aerosols (PM; n=21) for HNO 3 -/NO 3 -. We have not yet determined the statistical significance of these differences (work in progress). Nevertheless, the lightest isotopic values for ammonium relative to nitrate are common in wet samples, and are generally attributed to washout of NH 3 during precipitation events 4 . In all cases, the CFPP and upgraders area showed the lightest average NH 4 + δ 15 N values ( Table 1) . All sources considered, precursor molecules (NO and/or NO 2 ) had lower δ 15 N values than the secondary NO 3 products in the form of gas, precipitation and aerosols (Table 1 ). The δ 15 N and δ 18 O values in precipitation NO 3 varied from -12.1 to 1.2‰, and 67.4 to 71.4‰, respectively, and they agreed with general ranges previously reported 4 (see Tables 1 and 2 for average per source type). At this preliminary stage of data integration, the most conspicuous feature of the data for Alberta is that the δ 15 N, δ 18 O and 17 O values of HNO 3 collected downwind of the upgrader/refinery and coal fired-power plants (CFPP) represent the lowest and highest end-members of the isotopic spectra, respectively (Fig. 1) . The HNO 3 values obtained for samples collected downwind from the gas compressors and city traffic fall in between these two endmembers ( Fig. 1) . This trend may reflect the original range of δ 15 N values in the respective NOx sources, with the most positive values related to CFPP, and the most negative ones, to cars. Note that the results obtained for the chemical industries forming two clusters possibly reflect the varying dominance of the two main sources contributing to the loading at the sampling site of Fort Saskatchewan, namely petroleum refineries and urban traffic. All gas, precipitation and aerosol nitrate samples have δ 18 O and δ 17 O ( 17 O) values above +65 and +40‰ (15‰), respectively ( Table 2 ). As expected given the characterization of the atmospheric processes by previous studies, the After integrating and examining the whole suite of isotopic and chemical data collected in the course of this project, the research will include sampling and analyzing Nr-bearing samples from the Vermillion site, 160 km east of Edmonton, with dominant emissions coming from metropolitan Edmonton, and characterizing natural sources such as lightning, biomass burning, mineral dust aerosols and biogenic soil emissions.
